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Abstract 
The management of blood is a problem of specific concern for the human race. Even though there are 
technological developments in the field of substitutes for blood products, the need for donor blood and its derived 
products will always exist. Blood is not an ordinary commodity. The supply of donor blood is fairly irregular and the 
demand for blood products is at least as stochastic. Matching supply and demand in an efficient manner is not 
straightforward. Blood products are also perishable, which complicates things even further. Shortages lead to high 
costs for society, since they can cause increase mortality rates. The goal of this paper is applying dynamic simulation 
and Taguchi method to design a robust blood supply chain system to improve the blood supply chain efficiency. The 
National Blood Center (NBC) in Iran has been selected as the case of study. To do the Taguchi method, four main 
controllable  factors  that are arrival rate of donors , maximum inventory level , minimum inventory level and  blood 
delivery policy and one noise factor which is demand variable have been chosen. Based on final result, to achieve a 
robust blood supply chain, all main factors should be located at the high level except for factor B. This means that 
arrival rate of donors , maximum inventory level and blood delivery policy should be equaled to 300, 1000 and 
LIFO, in case , the minimum inventory level should be equaled to 70 respectively to optimize the efficiency of the 
blood supply chain based on the patient safety. 
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1. Introduction 
 
Cost and effective resource utilization are two important public concerns about the medical services. Recently, there 
have been rising demands related to transfusion services and hospitals to decrease costs while keeping and 
improving the patient care quality and services provided [1]. Regarding to transfusion services, the considerable 
need and extensive use for blood has dramatically been increased at the same time. Moreover, the demand and cost 
of blood transfusions is rising because of the introduction of additional measures to assure the safety of donated 
blood [2]. Therefore, in the field of blood transfusion, there is a great need and desire that the practitioners and 
academia to apply and manage this vital resource better [2]. On the other hand, uncertainty and demand are two 
significant factors that increase the complexities of supply chain systems especially it causes many controversial 
issues in the supply chain of perishable products such as blood [3]. Regarding to the blood system, shortages and 
vitality are two critical issues that should be considered in the blood supply chain designing [4]. Blood supply chain 
is a complex system involves different interconnected parameters that should be coordinated and synchronized 
carefully to meet the ultimate customers’ requirements based on quality and quantity [5]. Therefore, it is vital to use 
process analysis approaches to minimize operating cost by considering customer demand [5]. Additionally, blood is 
vital; a shortage can put the life at risk. For example, currently only 6% of the UK population give blood, although 
60% are eligible to donate [6].In addition, it is even worse in the USA (5%) [7] and Canada (3.7%) [6]. Therefore , 
the ultimate goal of a blood center is to meet the patients demand by providing an efficient amount of blood in a cost 
effective and timely manner based on uncertain environment [8]. 
There are several methods and approaches in industry and service environment such as computer simulation, 
statistical analysis and lean tools for improving the efficiency by determining the best combination of resources [9]. 
Computer simulations have been widely applied to solve operational problems and to improve the productivity and 
performance in different fields such as manufacturing systems, port container terminal, supply chain management, 
services , energy and construction management which are not easy to model [10]. System dynamic modeling is one 
of the useful techniques to assess the complex behavior of supply chain [11]. Towill et al. [12] developed system 
dynamic simulation for reducing the demand amplification that has a significant effect on decreasing fluctuations in 
production rates and stock levels. Samuel et al. [13] constructed a dynamic simulation model for a healthcare supply 
chain processes to evaluate the dynamic behavior of the system. They also compared options, capacity modification 
delays and service reduction to show that decreasing capacity changes and service delays give better outcomes [13]. 
Design and plan of a robust blood supply chain system is important for blood centers, hospitals, and patients. Hence, 
designing an optimal supply chain system is critical.  
There are also some investigations that applied Taguchi method in different fields such as manufacturing system, 
construction management, and energy building. In one investigation, Taguchi method and computer simulation was 
applied to determine the optimum combination of resources for a real world case study involving a concrete pouring 
operation [14]. Zahraee et.al [15] used Taguchi method to assess the effect of controllable and uncontrollable factors 
on the total output production in a selected manufacturing industry. In another study, Taguchi method was 
conducted to optimize the main elements which were window, ceiling, and wall by considering the effect of 
uncontrollable factors such as humidity, temperature, and air flow in residential buildings [16]. 
The goal of this paper is improving the blood supply chain efficiency by using dynamic simulation and statistical 
Taguchi method to design a robust blood supply chain system. Taguchi procedure design is used to obtain the 
optimal design of control factors levels based on reducing the noise factor's effect. One the National Blood Center 
(NBC) in Iran has been selected as a case study in this paper. 
2. Materials and Methods 
2.1 Dynamic simulation 
System dynamic simulation is one of the useful approaches to assess the complex behavior of supply chain 
systems. This technique is applied to understand how systems change over time [17]. System dynamic was defined 
by Forrester [18] as a computer-aided approach to analyze and deal with the complicated problems by focusing on 
design and analysis. The first printed work related to system dynamic in supply chain was done by Forrester [18] in 
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Industrial Dynamics. Many researches related to blood supply chain was done using discrete event simulation, but 
this paper applied the system dynamic modeling to evaluate the performance of the system precisely. The 
information and material flows have been selected to develop the model while the cash flows have been eliminated 
because of many complexities. The simulation model was constructed using iThinkv9.0 software.  
2.2 Taguchi method 
There are various methods used for improving the quality in variety of industries. Taguchi method is one of the 
best optimization techniques to achieve high quality without increasing cost. It is a simple, systematic and powerful 
method to increase the quality [14]. Taguchi method was introduced by Dr Genichi Taguchi in Japan. The main 
objective of the Taguchi method is decreasing the effects of noise factors as well as determining the optimum level 
of the main controllable factors by considering the Taguchi’s robust design [16]. Orthogonal array (OA) designs for 
allocating the chosen factors for experiment were applied by Taguchi. The most useful (OA) designs are L8, L16 
and L18. The orthogonal array is applied for calculating the main and interaction effects by running the minimum 
number of experiments [19]. Taguchi method applies the signal-to-noise rate (SNR) to minimize the effect of noise 
and optimize the process performance. In other words, the SNR is the response (output) of the experiment. The 
followings are the two steps used in the Taguchi procedure in order to obtain the result of simulation data of the 
blood supply chain system [19]: 
2.2.1 Choosing noise, control factors and efficiency data 
The first step is selecting the noise and control factors in the blood supply chain system. The noise factor is the 
demand variable (E). Controllable factors are arrival rate of donors (A), minimum inventory levels(B) , maximum 
inventory level (C) and  blood delivery policy (BDP) (D).The efficiency parameter is  patient safety. These factors 
and their levels are listed in Table 1. 
Table 1. Main and noise factors and levels 
 
Level 
Main Factors Noise Factor 
Arrival rate 
of donors 
(A) 
Minimum 
Inventory Level 
(B) 
Maximum 
Inventory Level 
(C) 
Blood Delivery 
Policy (BDP) 
(D) 
Demand variable 
(E) 
Low  level (1) 100 70 500 FIFO N(200,162) 
High level (2) 300 140 1000 LIFO N(200,322) 
 
2.2.2 Selecting the Taguchi orthogonal array 
 
The orthogonal table L8 was selected as the arrangement of control factors, as shown in Table 2. The controllable 
factors ARD, MaxIL, MinIL, and BDP were assigned to columns A, B, C and D respectively. The numbers in the 
columns represent the factor levels. 
3. Result and Discussion 
3.1 Performing Simulation Experiments and Data analysis 
Table 2 shows the results of simulation experiments. Since the output response is a nonnegative value and is 
aimed at maximizing the efficiency, the calculation of SNR is based on the situation “Larger is better” [19]. In this 
case, the formula below (Eq.1) is applied for calculating the SNR. In this formula n=number of values in each 
experimental conditions and Yi =each observed value. 
Z=-10Log 
σ భ೤೔మ
೙೔సభ
௡          (1) 
Table 2. Analysis of the data produced by MINITAB software 
 
 
 
L8 OA Controllable 
L4 OA (Noise Factor)  
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Run Factor E 1 1 2 2 Mean SNR 
A B C D   
 
1 
 
1 
 
 
1 
 
1 
 
1 
 
72.7 
 
62.0 
 
68.2 
 
59.2 
 
65.525 
 
36.2448 
2 1 1 2 
 
2 88.0 85.0 85.0 83.0 85.250 38.6082 
3 
 
1 2 1 2 54.0 56.0 45.0 59.0 53.500 34.4282 
4 
 
1 2 2 1 55.0 61.0 56.0 72.0 61.000 35.5631 
5 
 
2 1 1 2 82.0 82.2 86.6 83.4 83.550 38.4328 
6 
 
2 1 2 1 79.0 77.0 73.0 75.0 76.000 37.6050 
7 
 
2 2 1 1 62.0 55.0 59.0 60.0 59.000 35.3919 
8 
 
2 2 2 2 66.0 66.7 59.0 62.0 63.425 36.0129 
Average 68.41 
 
36.53 
 
3.2 Determining the Optimum Condition 
In order to make decision about which factor setting or level is selected to maximize the efficiency, the SNR 
values at the both levels (High or Low) of each factor are compared. According to the main effect plots for mean 
and SNR as shown in Fig.1, the optimum conditions for the controllable factors will be achieved when factors A , C 
and D placed on second level. In addition, Factor B placed on the first level. 
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Fig. 1. Main effects plot for mean and SNR 
3.3 Discussion 
 
In this study, the authors proposed to design a robust blood supply chain system, taking patient safety into 
account in the blood supply chain system. In studying the blood supply chain of NBC, the optimal control factor 
settings regarding the highest SNR have been identified. Table 3 ranks the studied factors based on their effect 
value. In order to make decisions about which level is better for maximizing the efficiency, the SNR values at both 
levels of each factor were compared. Based on Taguchi experiment results (Table 3), the optimum level of the all 
factors is located at the high level except for factor B. This means that arrival rate of donors , maximum inventory 
level and blood delivery policy should be 300, 1000, LIFO, in case , the minimum inventory level should be equaled 
to 70 respectively to optimize the efficiency of the blood supply chain based on the patient safety. 
Table 3.Effect and ranking of mean and SNR for each controllable factor 
                Factors 
Levels 
Arrival rate of 
donors  
(A) 
Minimum 
inventory level 
 (B) 
Maximum 
inventory level 
(C) 
Blood delivery policy 
 (D) 
Low level (1) 66.32 36.21 77.58 37.72 65.39 36.12 65.38 36.20 
High Level (2) 70.49 36.86 59.23 35.35 71.42 36.95 71.43 36.87 
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Delta 4.18 0.65 18.35 2.73 6.02 0.82 6.05 0.67 
Ranking 4 4 1 1 3 2 2 3 
 
Optimum Level 
 
2 
 
2 
 
1 
 
1 
 
2 
 
2 
 
2 
 
2 
4. Conclusion 
There is an essential need to make efficient use of limited resources in the health care especially perishable 
products such as blood supply chain. There are many uncertainties in blood supply chain systems because of its 
complicated essences. The timely availability of blood is often a question of life and death to the patient. ‘‘Trial and 
error experiments’’ with blood supply chain management cannot be conducted. Instead we have to use other 
approaches to evaluate the effect of different factors that have a significant effect on the blood supply chain 
efficiency. The goal of this paper was using dynamic simulation and Taguchi method to design a robust blood 
supply chain. To achieve a robust blood supply chain, the final result showed that all controllable factors should be 
located at the high level except for factor B. This means that arrival rate of donors , maximum inventory level and 
blood delivery policy should be equal to 300, 1000 and LIFO, in case , the minimum inventory level should be equal 
to 70 respectively to optimize the efficiency of the blood supply chain based on the patient safety. 
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